Volatile Compounds and Sensory Evaluation of Spreadable Creams Based on Roasted Sunflower Kernels and Cocoa or Carob Powder by Racolța, Emil et al.
Volatile Compounds and Sensory Evaluation of 
Spreadable Creams Based on Roasted Sunflower 
Kernels and Cocoa or Carob Powder 
Emil RACOLŢA1), Maria TOFANĂ2), Crina Carmen MUREŞAN1), Sonia SOCACI2), Ghiţă Florin GALCHIȘ3), 
Vlad MUREŞAN1)
1)Food Engineering Department, Faculty of Food Science and Technology, University of Agricultural Sci-
ences and Veterinary Medicine Cluj-Napoca, Calea Florești 64, 400509, Cluj-Napoca, Romania. E-mail: 
2)Food Science Department, Faculty of Food Science and Technology, University of Agricultural Sciences 
and Veterinary Medicine Cluj-Napoca, Calea Mănăştur 3-5, 400372, Cluj-Napoca, Romania. 
3)S.C. MAG COMIMPEX SRL, Dumbrava Nouă 36, 51147, București, Romania.
*Corresponding author e-mail: emil.racola@usamvcluj.ro
Bulletin UASVM Food Science and Technology 71(2) / 2014
ISSN-L 2344-2344; Print ISSN 2344-2344; Electronic ISSN 2344-5300
DOI: 10.15835/buasvmcn-fst:10465
Abstract
The known confectionery spreadable cream product category includes well-known cocoa - hazelnut pastes as 
well as peanut butter, products that became very popular in the last decades due to their pleasant taste and ease 
of eating. However, health constraints appeared both hazelnut and peanut are food allergens, while cocoa excites 
central nervous system (CNS) and on everyday consumption causes dependence. The aim of this work was to 
characterize the aroma and sensory of an innovative product that belongs to the same confectionery spreadable 
cream product category. Six spreadable cream prototypes were produced by using sugar, roasted sunflower kernel, 
carob or cocoa powder, palm or coconut fat and, lecithin. The obtained samples were firstly analyzed by using 
the nine point hedonic scale test. The volatile compounds profile analysis (“In Tube Extraction”- GC-MS) was 
performed on the best samples (in terms of sensory) containing cocoa or carob powder, as well as a control. The 
main volatile compound of all three samples was pinene (42-51%) which is a characteristic flavor of turpentine, 
wood. Acetophenone instead (20-25%) gives flavors of almond, floral, sweetish. Benzaldehyde (8.11-9.73%) is 
characteristic for almond flavor with hints of caramel. The study revealed that the analyzed spreadable creams 
have similar volatile profiles, even if carob and cocoa powder showed different volatile compounds profiles, with 
the major compound for both being Propanoic acid, 2-methyl. Thus, with similar taste to cocoa sample, carob-
sunflower spreadable cream is an alternative that not include ingredients with allergic potential or CNS stimulants.
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INTRODUCTION 
Confectionery spreadable creams group is 
on a continuous development, while due to high 
nutritive value and pleasant taste these products 
are included usually on the everyday breakfast or 
desert. This confectionery category includes the 
creams based on cocoa, hazelnuts and peanuts, 
products known as cocoa-hazelnut spread or peanut 
butter. The main inconvenient of the commercial 
available spreadable creams is represented by 
the presence of the allergens. According to EU 
regulation no. 1169/2011, peanuts and hazelnuts 
are classified as ingredients causing allergies or 
intolerances in some people. According to the 
same EU Regulation, sunflower kernels are not 
included on the list of allergen products. Sunflower 
kernels are considered (Bockisch, 1998; Canibe 
et al., 1999; Codex Alimentarius, 1999; González-
Pérez and Vereijken, 2007; Grompone, 2011; 
Salunkhe et al., 1992) a healthy ingredient based 
on their constituents: 20.4 – 40% proteins, 4 – 18 
% carbohydrates, 34.5 – 152 mg /100g vitamin E 
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and 47 – 65% lipids. The lipids consist mainly of 
unsaturated fatty acids (linoleic acid (C18:2) 48 – 
74%; oleic acid (C18:1) 14 – 39%; linolenic acid 
(C18:3) < 1%) and lower levels of saturated fatty 
acids (palmitic acid (C16:0) 5 – 7.6%; stearic acid 
(C18:0) 2.7 – 6.5%).
Carob powder is produced by roasting and 
milling the carob pods, the seeds being priory 
removed (Yousif and Alghzawi, 2000). Due to the 
flavour and taste closed to cocoa powder (Fadel 
et al., 2006) carob powder is considered a viable 
alternative for substituting cocoa powder on 
confectionery products. Their use is supported 
also by the fact that it does not contain caffeine 
and theobromine, while it is known (Yousif and 
Alghzawi, 2000) that cocoa powder contain 
appreciable amount of this anti-nutrients. Khatib 
and Vaya (2010) mentioned that carob powder 
is characterized by high fibre content 39.8% and 
low molecular weight sugars 49.1% (from which 
sucrose 43.7%, glucose 39.5%, fructose 4.23%), 
while the protein and lipid levels are low 4.6% 
and 0.65%, respectively. Avallone et al. (1997) 
reported high polyphenols content of seedless 
carob pods, 1950 mg gallic acid /100g, from which 
condensed tannins 290 mg (+) catechin / 100g.
   For solving the abovementioned identified 
problems, our group had developed (Galchiș 
et al., 2012) a new product which assures an 
innovative ingredients blend and ratios between 
the constituents of the composition, in order to 
obtain a spreadable cream with taste and flavour 
specific to commercially available spreadable 
creams, but without the inclusion of potentially 
allergen ingredients (e.g., peanuts, hazelnuts, 
etc.) or central nervous system (CNS) excitants 
(e.g., caffeine, theobromine, etc.). Thus, the aim 
of this paper was to perform the sensory analysis 
for the sunflower spreadable creams obtained 
previously by our group (Galchiș et al., 2012) and 
to determine the volatile compounds for carob 
and cocoa powder and for best samples including 
either carob or cocoa powder, as well as a control 
sample. By consuming the spreadable creams 
described on this work, the risk of food allergies is 
lowered, complementary with total substitution of 
cocoa powder which contains CNS excitants.
MATERIALS AND METHODS  
Preparation of spreadable cream samples
The sunflower kernel were obtained from 
a local supplier from 2012 harvest, being 
roasted in oven at 120°C, sugar from Diamant 
(Zahărul Oradea S.A., Romania), carob powder 
from Supremia Group (Alba-Iulia, Romania), 
cocoa from GuanChong (Johor, West Malaysia), 
lecithin, palm and coconut oils from Expertarom 
(Sibiu, Romania). The ingredients were weighted 
according to the design described on Table 1. Prior 
to ingredients dosage, the vegetable fats used were 
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Sample 
Code
Spreadable cream 
sample description
Roasted 
sunflower 
kernel
Sugar
Carob 
powder
Cocoa 
powder
Palm 
oil
Coconut 
oil
Lecithin
[%]
111
Control - no cocoa 
or carob
40.5 49 - - 10 - 0.5
222
Medium carob 
content / palm oil
40.5 41 8 - 10 - 0.5
333
Maximum carob 
content / palm oil
40.5 39 11 - 9 - 0.5
444
Medium cocoa 
content / palm oil
40.5 41 - 8 10 - 0.5
555
Medium carob 
content / coconut 
oil
40.5 41 8 - - 10 0.5
666
Medium cocoa 
content / coconut 
oil
40.5 41 - 8 - 10 0.5
777 Hazelnut and carob - commercial spreadable cream
888 Hazelnut and cocoa - commercial spreadable cream
Tab. 1. Experimental design used to obtain spreadable cream samples based on roasted sunflower 
kernel, carob or cocoa powder and palm or coconut oil
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melted completely on a convection oven at 50°C, 
while the roasted sunflower kernels were milled 
into flour by a coffee grinder. Each composition 
was milled and homogenized by a vertical mixer 
Slimforce 700W Active Flow (Moulinex, France) 
obtaining ~800 g of each sample. A commercially 
available nut spread based on hazelnut and 
carob powder (777), as well as spreadable cream 
based on hazelnut and cocoa powder (888) were 
included on the sensory analysis (Tab. 1).
Sensory analysis
A sensory panel from Faculty of food science 
and technology, UASVM Cluj-Napoca, consisting 
of 35 trained panelists (teachers and master 
students) were selected to evaluate sensory 
qualities of spreadable cream samples described 
on Table 1. Fresh samples were presented 
randomly to panelists, together with slices (2 x 
2 cm) of bread and plastic knifes, water being 
used to cleanse their palates between samples. 
A 9-point hedonic scale was used, including as 
characteristics the aspect, spreadability, color, 
flavor, texture-chewing sensation and taste.
Volatile compounds assessment
The volatile compounds of cocoa and carob 
powder as well as for analysed spreadable 
creams samples were determined by using 
the technique “in-tube extraction” (ITEX) for 
the extraction of volatiles, coupled with gas 
chromatography and  mass spectrometry (GC-
MS ) for the chromatographic separation and 
compounds identification. The method principle 
is based on the incubation of a sample (placed on 
a closed headspace vial) at a certain temperature 
for a certain period, so that samples volatile 
compounds accumulate on the headspace phase. 
Part of the gas phase is then adsorbed by the 
adsorbent material (Tenax) located between the 
needle and the headspace syringe body. Thermal 
desorption of volatile compounds is carried 
directly into GC injector, being separated by 
column chromatography and identified based on 
mass spectra.
Portion of 0.3 g were sampled from carob and 
cocoa powders, while from the spreadable creams, 
5 g. The studied samples were incubated at 60°C 
for 30 minutes. The amount of sample taken from 
the cocoa and carob powders was lower than that 
of spreadable creams samples, in order to avoid 
MS detector saturation. From headspace phase 
were carried out 30 cycles of aspiration and then 
after thermal desorption a portion of the sample 
was injected in the gas chromatograph injector.
The volatile profile was performed using a gas 
chromatograph coupled with mass spectrometer 
GCMS QP2010 (Shimadzu) equipped with an 
autosampler CombiPAL AOC5000 (CTCAnalytics). 
Chromatographic column used was a ZB-5ms 
capillary column (50m x 0.32mm i.d. x 0.25μm). 
Identification of separated compounds was 
performed by comparing the mass spectra obtained 
by GC-MS analysis with the spectra libraries 
(NIST27 and NIST147) of Shimadzu software. 
The concentration of identified compounds was 
expressed as percentages of the total peak area.
RESULTS AND DISCUSSIONS
Sensory analysis
Sensory analysis evaluation was performed 
in order to determine optimum compositions in 
terms of consumers’ preference. For each sensory 
characteristic, for each sunflower spreadable 
cream sample, and for the two commercial samples, 
the scores means are graphically presented in 
Figure 1a – 1g. The samples code description is 
given in Table 1, where also the compositions of 
each sample are described. 
Aspect and color (Fig. 1a and 1c) mean 
scores of the majority of sunflower spreadable 
cream samples are similar with the mean scores 
of commercial hazelnut spreads analyzed. 
However sample 111 which had no cocoa or 
carob powder registered a relatively low score 
(~4) due the consumers’ product perception and 
preconceptions regarding the usual aspect of the 
nut spreads (a brownie color specific to cocoa/
carob). Moreover, sample 333 obtained the lowest 
color score (~4.5), due to the high intensity of 
the color achieved which seems to be hard  to be 
accepted by the consumers, this sample having the 
highest carob powder content (11%).
As expected sample 888 (Hazelnut and 
cocoa commercial spreadable cream) had the 
highest scores for Spreadability, Texture-chewing 
sensation and General score (Fig. 1b, 1e and 1g), 
all the consumers being used to it and probably 
many of panellists recognised this product also.
For flavour, taste and general score (Fig. 1d, 
1f and 1g) encouraging results were obtained 
for most of the sunflower spreadable creams 
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studied, exception of samples 111 and 333. The 
explanations for the reluctance of consumers 
to the samples 111 and 333 have already been 
discussed.
The differences between samples 222 and 
555, respectively 444 and 666 are minimal for 
most characteristics pursued in sensory analysis. 
However, for samples 444 and 666 was observed 
a slight oil separation at the surface of the vessel 
at a short storage period at room temperature. 
This can be explained by the low solid fat content 
of coconut oil (1%) at 25°C. Consequently, sample 
222 (Medium carob content / palm oil) and 444 
(Medium cocoa content / palm oil) were selected 
RACOLŢA et al.
Fig. 1. (a – g) Sensory analysis of spreadable cream samples (Tab. 1 presents samples codes, 111-666 
sunflower spreadable creams; 777-888 commercial available hazelnut spreads)
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for volatile compounds analysis as the optimum 
compositions among the sunflower spreadable 
creams studied. The control sample 111 (no cocoa 
or carob) was also selected for volatile compounds 
analysis for comparison reasons. 
Volatile compounds
The relative concentrations of volatile aroma 
compounds identified on the analysed samples are 
presented on Tables 2 – 4.
In the sample of cocoa powder, major volatiles 
compounds identified were 2-methyl-propanoic 
acid, hexanal, sabinen and limonene together 
with alpha-and beta-pinene and o-cymene. These 
compounds represented about 70% of the total 
concentration of volatile compounds identified. 
Acid 2-methyl propanoic gives buttery, sweet 
flavour to cocoa powder, while sabinen brings the 
woody notes, of turpentine, and limonene lead to 
characteristic notes of citrus and slight minty.
Although the major compound is the same 
(2-methyl propanoic acid), carob powder volatile 
profile is completely different from cocoa powder 
volatile profile as can be seen from the Table 2 
and 3 and Figure 2.
Carob powder sample is composed mostly of 
2-methyl propanoic acid, but it is found almost 
double amount than in cocoa powder. The second 
major volatile compound of carob powder is 
furfural. The compound 2-methyl propanoic acid 
gives to carob powder a sweetish butter flavor, 
while furfural completes the flavor with fruity, 
floral, woody and almond notes. The concentration 
of these two compounds represents over 80% 
of the total volatile compounds identified. On 
relatively high concentrations are also found 
Compounds RT1 (min) Conc Unit Area
Propanoic acid, 2-methyl- 4.943 28 % 1047581
Hexanal 6.05 10.95 % 409847
.alpha.-Phellandrene 9.481 1.63 % 60922
alpha-pinene 9.728 7.1 % 265518
Benzaldehyde 10.621 6.5 % 243189
Sabinen 10.957 12.31 % 460554
beta-Pinene 11.139 6.55 % 244944
1,3,6-Octatriene, 3,7-dimethyl-, (E)- 12.109 4.84 % 181128
o-Cymene 12.609 7.57 % 283287
Limonene 12.769 12.08 % 452164
.beta.-Phellandrene 2 12.839 2.48 % 92850
1 retention time; 2 identification attempt. 
Tab. 2. The relative concentrations of volatile aroma compounds identified 
on the cocoa powder by using ITEX / GC-MS technique
Tab. 3. The relative concentrations of volatile aroma compounds identified 
on the carob powder by using ITEX / GC-MS technique
Compounds RT1 (min) Conc Unit Area
Propanoic acid, 2-methyl- 5.298 50.78 % 40077254
Butanoic acid 5.608 0.58 % 459529
Hexanal 6.049 0.46 % 362446
3(2H)-Furanone, dihydro-2-methyl- 6.22 8.85 % 6984250
Furfural 6.799 32.12 % 25349042
Butanoic acid, 2-methyl- 7.077 0.65 % 513756
2-Furanmethanol 7.389 0.92 % 722459
2-Heptanone 8.354 0.26 % 208697
Ethanone, 1-(2-furanyl)- 8.955 1.4 % 1103255
2-Furancarboxaldehyde, 5-methyl- 10.526 1.69 % 1334893
Benzaldehyde 10.598 0.54 % 427082
Benzothiazole 17.703 1.76 % 1385721
1 retention time.
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furfural derivatives, such as 3(2H)-Furanone, 
dihydro-2-methyl; 2-Furancarboxaldehyde, 5-me-
thyl; and Ethanone 1-(2-furanyl); as well as sulfur 
and nitrogen compounds such as benzothiazole.
Volatile profile of the three spreadable 
creams analyzed is shown in Table 4. As can be 
observed, the main volatile compound of all three 
prototypes is pinene, whose concentration varies 
between 42-51% and which characteristic flavor 
is of turpentine, wood. Acetophenone instead, 
whose concentration varies between 20-25%, 
gives to the products an almond, floral, sweetish 
flavor. An almond flavor but with hints of caramel 
is given by benzaldehyde. Both acetophenone and 
benzaldehyde are found in a higher concentration 
in the sunflower spreadable cream containing 
carob than in the one based on cocoa.
CONCLUSIONS
Carob and cocoa powder showed different 
volatile compounds profiles, even if the major 
compound for both was Propanoic acid, 2-methyl. 
However, the three analyzed spreadable creams 
have similar volatile compounds profiles as well 
as similar sensory mean scores. Thus, with similar 
taste and aroma to cocoa sample, carob-sunflower 
spreadable cream is an alternative that not inclu de 
ingredients with allergic potential or CNS stimu-
lants.
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